Berry's Phase and Euclidean Path Integral by 柏, 太郎 et al.
Title Berry's Phase and Euclidean Path Integral
Author(s)柏, 太郎; 二摩, 修司; 迫田, 誠治

















Hamiltonian $B(X(t))$ ( $X(t)$ parameter $t$ )
$X(t)=X_{0}$
$H(X_{0})|\uparrow l(X_{0})\rangle=L_{n}^{\urcorner}(X_{0})|\uparrow 1(X_{0})\rangle$ , (2.1)





$i \hslash\frac{\partial}{\partial t}|\Psi(t)\rangle=H(X(t))|\Psi(t)\}$ (2.4)
$|\Psi(t)\rangle$ $=U(t)|\Psi(0)\rangle$ $U(t)$
$ih \frac{\partial}{\partial t}U(t)=H(X(t))U(t)$ , $U(0)=1$ (2.5)
$U(T)$ $=$ $\lim_{Narrow\infty}(1-\frac{i}{h}\triangle tH(X(t_{N-1})))(1-\frac{i}{\hslash}\triangle tH(X(t_{N-2})))$
$\cross\cdot\overline{1}..\cross(1-\frac{i}{h}\triangle tH(X(t_{1})))(1-\frac{i}{h}\triangle tH(X(t_{0})))$ (2.6)
$\equiv$ $T\exp(-\frac{i}{h}\int_{0}^{T}dtH(X(t)))$
\triangle t $=T/\Lambda^{T},$ $t_{k}=k\triangle t(k=0, \cdots, N),$ $t_{0}=0,$ $t_{N}=T$
$\langle n(X(t))|7n(X(t-\triangle t))\rangle\approx\delta_{n.r1\iota}(1-\triangle t\{\uparrow?(X(t))|\frac{\partial}{\{\partial t}|n(X(t))\rangle)$ (2.7)
$U(T)_{n,m} \approx\delta_{n,m}\exp[\int_{0}^{T}dt(-\frac{i}{h}E_{n}(X(t))-\langle\uparrow l(X(t))|\frac{\partial}{\partial t}|n(X(t))\})]$ (2.8)
$V^{\dagger}(t)H(t)V(t)$ $=$ $H^{V},(t)$
$H^{V}(t)$ $=$




$\gamma:_{n}(t)$ $=$ $i/o^{i}dt’ \{??(t’)|\frac{\partial}{\partial t}|\uparrow z(t’)\}$





$N arrow\infty\lim_{k=}\sum_{0,\cdot\cdot N}\{n_{k}\},V(t_{N})|n_{N}(0)\}\langle n_{N}(0)|$
$\cross(1-\frac{i}{\hslash}\triangle t\{H^{\nu^{r}}(t_{N-1})-i\hslash V^{\dagger}(t_{N-1})\dot{V}(t_{N-1})\})|\uparrow t_{N-1}(0)\}\langle n_{N-1}(0)|(2.12)$
$\cross\cdots\cross(1-\frac{i}{h}\triangle t\{H^{V}(t_{0})-?h1/t_{(t_{0})\dot{V}(t_{0})}\})|n_{0}(0)\}\langle 7t_{0}(0)|$
$U(T)$ $=$
$\lim_{Narrow\infty}\sum_{\{n_{k}\}}V(t_{N})|n_{N}(0)$ } $\{\uparrow z_{N}(0)|(1-\frac{i}{\gamma_{l}}\triangle tH^{V}(t_{N-I}))|n_{N-1}(0)\}$
$\cross(n_{N-1}(0)|\cross\cdot$ . . $\cross(1-\frac{i}{h}\triangle tH^{t’}(t_{0}))|\uparrow x_{0}(0)$ } $\langle\uparrow r_{0}(0)|\{1+O(1/T)\}(2.13)$
$=$ $\sum_{n}\exp(-\frac{i}{h}\int_{0}^{T}dtE_{n}(t)+i\gamma_{n}(T))|\uparrow\nu(T)$ } $\langle\uparrow x(0)|\{1+O(1/T)\}$
Feynman $I_{1’}(q, q’; T)=\langle q|L!(T)|_{C/’}$ }
$K(q, q’;T)$ $=$ $\sum\psi_{n}(q;X(T))\psi_{n}^{*}(q’;X(0))\exp(-\frac{\dot{\iota}}{t_{l}}\int_{0}^{T}dtE_{n}(t)+i\gamma_{n}(T))$
(2.14)
$\cross^{n}\{1+O(1/T)\}$
$O(1/T)$ $\iota t)_{7\iota}(q;X(t))=\{q|7?(X(t))\rangle$ $H(X(t))$
(2.14)
$K(q, q’;T)$ $=$ $\lim_{Narrow\infty}\int_{j}\prod_{=1}^{\prime v}\frac{clp(?)}{2\pi h}.\prod_{j=1}^{N-1}dq(j)$




















$(/\hat{)} \hat{q}_{1}\backslash \cdot\hat{Q}^{ })$ $\hat{Q}$
$\hat{P}$
$P,$ $Q$ Feynman
$K(Q, q;Q’, q’;T)\equiv\langle Q,$ $q| \exp(-\frac{i}{h}T\hat{H})|Q’,$ $q’$ }
$= \int \mathcal{D}P\mathcal{D}Q_{\backslash }\mathcal{D}p\mathcal{D}q\exp(\frac{i}{\hslash}\int_{0}^{T}dt\{P\frac{dQ}{dt}+p\frac{dq}{dt}-H(P, Q)-h(p, q;Q)\})$ (3.2)





$I\zeta_{Q_{c}}(q, q’;T)$ $\equiv$ $\int \mathcal{D}p\mathcal{D}q\exp(\frac{i}{\hslash}\int_{0}^{T}dt\{p\frac{dq}{dt}-h_{0}(p, q;X)-V(p, q;Q_{c})\})$
(3.3)
$h_{0}(p, q;X)$ $\equiv$ $\frac{1}{2}\{Z(t)p^{2}+2l^{\nearrow}(t)pq+X(t)q^{2}\}$





$- \hslash\frac{\partial}{\partial t}|\Psi(t)\rangle=H(\hat{p},\hat{q};X(-it))|\Psi(t)\rangle$ (3.4)
Hamiltonian
(3.4)
$- \hslash\frac{\partial}{\partial t}|\Psi(t)\}=H(\hat{p},\hat{q};X(t))|\Psi(t)\rangle$ (3.5)
$K_{Qc}(q, q’;T)$
(3.5) (2.5)
Euclid \‘U $(T)$ (2.13)
$\tilde{U}(T)$ $=$ $\lim_{Narrow\infty}(1-\frac{1}{\hslash}\triangle t\hat{H}(t_{N-1}))\cross\cdot$ . . $\cross(1-\frac{1}{\hslash}\triangle t\hat{H}(t_{0}))$
$=$ $\sum_{n}\exp(-\frac{1}{\hslash}\int_{0}^{T}dtE_{n}(X(t))+i\gamma_{n}(T))|\uparrow\iota(T)\rangle${ $n(0)|$ (3.6)
$\cross\{1+O(1/T)\}$
Feynman (2.14)










(3.8) $T arrow\infty\simeq\psi_{0}(q;X(T))?\ell_{0}^{*}(q’;X(O))e\backslash \prime p(-\frac{1}{h}J_{0}^{\tau_{dtE_{0}(X(t))}}+i\gamma_{0}(T))$ (3.9)
$\exp(\cdots)$
(i) Hamiltonian Euclid Fevnman
Hamiltonian parameters
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$( \Phi(q, q’)$ $\cross$ $\int \mathcal{D}P\mathcal{D}Q\exp(\frac{1}{h}.\int_{0}^{T}dt\{iP\frac{dQ}{dt}-\frac{1}{2}(P^{2}+\Omega^{2}(t)Q^{2})\})$
(44)
$\alpha(t)\equiv 1^{\prime^{r}}(t)-\frac{i}{2}\frac{\dot{Z}^{\ulcorner}(t)}{Z(t)}$ $\dot{Z}(t)\equiv\frac{clZ(t)}{dt}$ (4.5)
$\Omega^{2}(t)\equiv\omega^{2}(t)-\omega_{1}(t)$ , (4.6)
$\omega^{2}(t)=X(t)Z(t)-Y^{2}(t)$ , $\omega_{1}(- t)=-iZ(t)\frac{d}{dt}(\frac{\alpha}{Z})(t)$ (4.7)
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$\Phi(q, q’)\equiv\exp(-\frac{i}{2\hslash}\{\frac{\alpha(T)}{Z(T)}q^{2}-\frac{\alpha(0)}{Z(0)}q^{\prime 2}\})$ (4.8)
\Phi (q, $q’$ ) $P$ $Q$ Q
(4.4)
$\tilde{I\zeta}(q, q’;T)$ $=$
$\frac{1}{\sqrt{2\pi\hslash\triangle(T)}}\exp(\frac{-1}{\hslash}S_{c}(q, q’;T))$ , (4.9a)
$S_{c}(q, q’;T)$ $\equiv$ $\frac{i}{2}\{\frac{\alpha(T)}{Z(T)}q^{2}-\frac{\alpha(0)}{Z(0)}q^{J2}\}+\frac{1}{2}[Q_{c}\frac{clQ_{c}}{dt}]_{0}^{T}$ , (4.9b)
$\frac{1}{\sqrt{2\pi\hslash\triangle(T)}}$
$=$ $\int D\xi\exp(-\frac{1}{\hslash}\int_{0}^{T}dt\frac{1}{2}\xi(-\frac{d^{2}}{dt^{2}}+\Omega^{2}(t))\xi)$ (4.9c)

















$E_{0}( X(t))=\frac{\hslash}{\underline{9}}\omega(X(t))$ , (4.14)




$[a_{i}, a^{\dot{\uparrow}}]=\delta_{i.i}$ , $[a_{i}, a_{j}]=[a_{i}^{\uparrow\dagger}a_{j}]=0$ $(i,j=1,2)$ (5.1)
Pauli




$B(t)\equiv B(t)n(t)=B(t)(\sin\theta(t)\cos\phi(t), \sin\theta(t)\sin\phi(t),$ $\cos\theta(t))$ ; $B(t)>0$ (5.4)
(53)
$P_{J}= \int_{0}^{2\pi}\frac{d\lambda}{\underline{9}_{T}}\exp(i\lambda(a^{\uparrow}a-2J))$ (5.5)
spin( ) $H,$ $P_{J}$
$a_{i}|z\rangle=z_{i}|z\rangle$ , $\{z|z’\}=\exp(z\dagger z’)$ $\int\frac{clz^{1}dz}{\pi^{2}}|z\rangle$ $e^{-z}\{z|\dagger_{Z}=1$ (5.6)
Euclid Feynman spin $J$
$\tilde{K}^{(J)}(z, z’;T)$
$=$ $N arrow\infty 1in1\int_{0}^{2\pi}\frac{d\lambda}{2\pi}\{z|(1-\frac{1}{\hslash}\triangle tH(t_{N-1}))$ ... $(1- \frac{1}{h}\triangle tH(t_{0}))^{\dagger}a-2j)$




$R(T)=\{\begin{array}{ll}+e^{-\ominus(T)-i\langle\phi-\phi’}sin\frac sin’\frac{\theta’}{2}e^{\ominus\{T)}c\dot{o}s\frac{\theta}{2_{)}}cos\frac{\theta’}{2^{2}\theta} -e^{-\ominus\langle T)-i\phi}sin\frac{\theta}{2}cos\frac{\theta’}{2}e^{\ominus\{T)-i\phi’}cos\frac{\theta}{2}sin\frac{\theta’}{\underline{9}}-e^{-\ominus(T)+i\phi}’ cos\frac{\theta}{2}sin’\frac{\theta’}{2}e^{\ominus(T)+i\phi}sin\frac{\theta}{2}cos\frac{\theta}{\underline{9}} e^{\ominus(T)+i(\phi-\phi)}sin\frac{\theta}{2}sin\frac{\theta’}{2}+e^{-\ominus(T)}cos\frac{\theta}{2}cos\frac{\theta’}{\underline{9}}\end{array}\}$ (5.8)
$\Theta(T)_{l}$
$\Theta(T)=\frac{T}{2}\int_{0}^{1}d\tau\{B(\tau)-\frac{i}{T}(1-\cos\theta(\tau))\frac{d\phi}{d\tau}(\tau)\}$ (5.9)
$\theta,$ $\theta’,$ $\phi$ , \phi ’ (5.3) Euclid
(5.7) (5.7) $Tarrow\infty$
$\tilde{K}^{(J)}(z, z’;T)$
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